Objectives Empirical research on the relationship between the built environment and health is increasing at a tremendous pace. However, findings from Anglo-American countries may not apply to the European context. Therefore, we systematically reviewed the existing evidence on the role of the built environment for leading risk factors and health behavior in Germany.
Introduction
Socio-ecological models state that a person's health status is not only influenced by individual behavior but also by factors situated in the person's environment. 1, 2 The concept of 'environment' can be measured in various ways and captures multiple dimensions. It may relate to objective or perceived environment, vary in spatial scale and how its boundaries are drawn. 3 Environmental measures may be tailored to the individual or be spatially aggregated. 4 One can distinguish between aspects of social and built environment. Social environment refers to factors such as social support and social networks, social deprivation, income inequality, racial discrimination, social cohesion and social capital within the neighborhood; 5 built environment refers to human-made or modified surroundings, such as buildings, land use (e.g. layout of communities, transportation systems, food infrastructure) or green spaces. 6 The built environment, and related effects such as emissions, may shape individual health behavior through diverse mechanisms and may be adverse or beneficial for health. 7 This research field is already well established in AngloAmerican public health literature, and the findings indicate that the environment impacts health in diverse ways. [8] [9] [10] Review studies claim that built environment factors such as walkability, 11 green space, 12, 13 traffic noise 14 and air pollution 15 affect diverse health outcomes, health behaviors 16 and risk factors. 17 However, existing evidence is assumed to be highly compromised by methodical shortcomings. 18 In addition, it is questionable whether previous findings from Anglo-American countries can be applied to the European context. 19, 20 While progress is made to standardize measures of built environment, 21 urban structures differ considerably between European countries and the USA. 22, 23 Consequently, the underlying processes and empirical associations may not be comparable between countries. [24] [25] [26] Compared with international research, evidence on environmental determinants of health in Germany is still in its infancy. Mainly based on registry data, studies often describe differences in health-related outcomes using administrative spatial units. [27] [28] [29] [30] [31] [32] A systematic overview of the role of specific factors of the built environment on health-related outcomes is lacking. From a theoretical viewpoint, the relationship between the built environment and health behaviors and epidemiological risk factors seems most relevant because the relationship is proximate and possible causal explanations exist. 33 Moreover, from a more practical approach, adverse health behavior and risk factors are associated with diverse chronic diseases; knowledge on the role of the built environment on these factors may help prevent the onset or deterioration of these conditions. Therefore, we conduct a systematic review focusing on the association of built environment and health behaviors and epidemiological risk factors in Germany.
Methods
The review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement on conducting and reporting systematic reviews. 34 The research question, search strategy and study selection criteria were developed in advance and expanded on recommendation of an anonymous reviewer; a registered protocol does not exist. The search was based on the databases PubMed and Web of Science with terms for title and abstract screening, gray literature and unpublished studies were not included. Based on prior knowledge of the field, the search strategy described below was used (Fig. 1) . Established terminology from other reviews was considered. We also specifically searched for studies that used well-known German healthrelated datasets to maximize retrieval of relevant studies.
The search took place in September 2016. To identify relevant studies we applied a stepwise procedure: we first screened titles and abstracts for eligibility, and in a next step screened the full texts of the remaining articles. Two reviewers independently selected the studies and extracted the data. The data from the studies were extracted based on preselected categories (i.e. data source, sample, study design, operationalization of built environment and health outcomes, considered control variables, and main results) by the first author with the help of a student assistant. The extracted data were checked and compared by both reviewers, in case of disagreement it was revised consensually through discussion.
We applied the following exclusion criteria to select the studies: studies had to investigate aspects of the built environment. Consequently, we excluded studies that only considered the natural environment, social neighborhood characteristics, medical supply or characteristics of the individual household. However, both objective and self-reported measures of built environment were included. Environmental factors had to be included as main variables, not as confounding factors. Studies that only investigate health differences between spatial areas were excluded as well if there was no explicit operationalization of the built environment.
The outcome variables under the study were health behaviors and health-related risk factors based on the central risk factors for the high-income countries that are related to the built environment (smoking, high blood pressure, overweight and obesity, physical inactivity, high blood glucose, high cholesterol, low fruit and vegetable intake, urban outdoor pollution, alcohol use). 35 Outcomes related to morbidity and mortality data, mental illness, and subclinical conditions were excluded.
Nonempirical, i.e. theoretical studies were excluded as were studies based on simulations or systematic reviews. We did not include papers in a language other than English and German. Finally, we excluded studies conducted before the German reunification in 1990 to avoid potential bias due to the associated demographic and societal changes. We did not impose eligibility criteria on the data source, the sample size, participant characteristics or study design.
Results
The search identified 1872 publications in total. About 121 studies remained after title screening. About 40 studies were excluded based on abstract screening and exclusion criteria, and additional 46 studies were excluded based on full text screening. Consequently, 25 of the 121 studies were included in the final analysis (Fig. 2) . The marked heterogeneity of the environmental and health-related variables precluded a quantitative synthesis of the results, thus only allowing a qualitative analysis.
Data, sample and measures of built environment and health outcomes
The number of publications increased clearly between 2006 and 2016 (Table 1) . Twenty-four of the 25 studies were based on individual-level data, and the large majority of studies used existing secondary data (n = 21). Consequently, some datasets were used in more than one study, the 25 studies are based on 16 datasets. Samples in the reviewed studies were rather small and selective regarding the participants and the geographical scope. Only four studies contained more than 5000 observations, most studies (n = 21) were based on samples of less than 5000 respondents. The majority of studies (n = 17) focused on children and adolescents below the age of 18, seven studies focused on adults, of which one study exceptionally included people starting at age 10 up to old age. Seven studies compared nationwide samples while 18 studies investigated a selected region or only a single city.
We grouped measures of built environment under two categories: infrastructure and emissions ( Table 2 ). The majority of studies (n = 20) covered infrastructural aspects (aspects of destination proximity, street network and design of the environment, urbanicity and land use), whereas the role of emissions such as noise and air pollution was investigated less often (n = 7) (two studies investigated both infrastructural and emission aspects). Built environment was most often measured in objective terms (n = 19), only three studies used self-reported measures, and another three studies combined subjective/self-reported and objective measures.
The investigated health-related outcome measures most often captured physical activity and (over)weight. Another category of outcomes was related to the circulatory system and blood parameters (blood pressure and blood glucose). Health-related behaviors such as smoking behavior, alcohol consumption and dental health behavior constituted a third, less often investigated category of effect variables. Theoretical models regarding causal mechanisms between the built environment and health-related outcomes were explicitly described in 9 of the 25 studies.
Research design and methodology
All 25 studies were observational, there were no (quasi-) experimental studies. Twenty-four studies were based on cross-sectional data, only one study used longitudinal data (#8). All studies relied on multivariate analyses to separate the main effects from other, confounding variables, and 15 studies included three of the most relevant sociodemographic and socioeconomic control variables, i.e. gender, age and social status (measured by either education, income or occupation). Only one of the studies used a multilevel approach in the statistical analysis (#19), and one study accounted for potential individual self-selection (#16). Only two studies examined whether variation in spatial scale influenced the observed effects (#9, #15). 
Associations between the built environment and health-related outcomes
Three major groups of associations were investigated in the reviewed studies (Table 2) . First, in the upper half of Table 2 , among the infrastructural aspects, access and proximity and street network and design were mainly related to physical activity and weight-related factors; second, urbanicity and diversity of land use tended to be related to health-related behaviors and third, aspects of emissions (noise and pollution) were associated with blood parameters (Table 2) .
Access and proximity
A close distance to activity-related destinations (playgrounds and sports facilities) was related to vigorous physical activity (#2, #14, #25, see Supplementary Tables 3 and 4) . A relationship also tended to be observed for sports-unrelated destinations (i.e. transit) and transport-related walking as outcome variables (#12, #14, #15). In contrast, evidence on the role of food supply was scarce and varied by the outcome under study (#4, #5, #13), and the relationships between destination proximity and physical activity/walking does not seem to translate into changes in weight (#4, #5, #13, #19, #20).
Street network and design
Better street connectivity/walkability tended to be positively related to physical activity and walking (#12, #14, #15, #16, #23) but not to weight (#8, #19). However, some studies indicated that higher traffic exposure was related with higher weight (#4, #5, #8, #19). Green exposure and design/ attractiveness were not associated with physical activity or weight (#2, #14, #16, #19, #23).
Urbanicity and diversity of land use Urbanicity, measured by population density, was associated with a higher probability of smoking, alcohol consumption (except binge drinking) and with better dental care (#3, #10, #17); there was hardly any relationship between urbanicity BUILT ENVIRONMENT AND HEALTH and weight-related behavior, i.e. physical activity and nutrition (#5, #23).
Emissions
Higher levels of noise and air pollution were related with higher blood pressure levels in some studies (#6, #7, #9, #21, #22). There was no evidence for a relation with blood glucose levels or weight (#18, #19).
Discussion
Main findings of the study
In our review on the association of built environment and health behaviors and epidemiological risk factors in Germany, we identified 25 studies that were eligible for analysis. The focus of the reviewed studies lied on the role of infrastructural aspects (i.e. design, destination proximity and street connectivity) on physical activity and anthropometric measures while the role of emissions such as noise and air pollution were studied less often. The most convincing evidence existed on the relationships between destination proximity and street network and physical activity/walking. Moreover, higher population density was related to adverse health behaviors (smoking and drinking) yet better dental care; however, these latter findings came from single studies. Neighborhood attractiveness, design or green exposure showed no association with physical activity or weight. Some inconsistent associations were observed between noise, air pollution and blood pressure/hypertension.
What is already known on this topic
There are several theories on the relationship between built environment and health. These are only partly confirmed by our findings. While the theory of behavior adoption processes 36 may be supported by our findings on the relationships between urbanicity and health behaviors, theories on the biological mechanisms of green space 37 and emissions 38 for health may not. Previous review studies on the role of built environment for health showed mixed findings or weak effects. 12, 16, 17 This may be explained by the fact that the relationship between the built environment and health tends to be very selective. For instance, we found that the effects of destination proximity highly depended on the specific type of behavior, and the attractiveness of a destination may further mediate this relationship. [39] [40] [41] Also, more proximal relationships are easier to test than more distal relationships. 42, 43 In this regard, we found that the association between destination proximity and physical activity was stronger than the association between destination proximity and body weight.
Another explanation of inconsistent and null-findings may be attributed to methodical shortcomings. Previous studies have shown that the scaling and operationalization of the built environment measures influence the effects. [44] [45] [46] Yet, the majority of the reviewed studies neither systematically investigated the role of differing environmental scales nor did they theoretically derive the built environment measure. With regard to the applied research design, nearly all reviewed studies applied cross-sectional, observational and nonexperimental research designs which may not successfully capture mediated, moderated and non-linear doseeffect relationships. [47] [48] [49] [50] What this study adds This study presents the first systematic review of research evidence on the relation between characteristics of the built environment and health-related risk factors and health behavior in Germany. We found that the majority of studies were based on preexisting, cross-sectional datasets and were limited to children. Consequently, the generalization and comparability of the findings is limited. 15, 39 Moreover, the applied methods may be insufficient to account for the complexity of the relationship, and therefore contributed to the inconsistent or null-findings.
Based on these observations, several future directions of research on built environment and health in Germany are recommended: first, future studies on the relationship between built environment and health should rely on sound theoretical models. 37, 51 Second, future studies should systematicallyy study different measures of the built environment 52 and varying environmental scales and different definitions of spatial units that lead to differing effects. 44, 53 Finally, future studies should combine both objective and subjective measures of the environment. GPS data and GIS measures provide the flexibility to understand 'environment metrics' 54, 55 and self-reported attitudes and the subjective perception of the environment may reveal underlying mechanisms. 56 
Limitations of this study
Certain limitations of our review should be mentioned. First, although our search strategy aimed to maximize retrieval of relevant studies, some studies may still have been overlooked. Second, we intentionally delimited our analysis to measures of built environment as well as health behaviors and risk factors. We did not include broad outcomes such as mortality because causal relationships are less straightforward. Despite this delimitation, third, the heterogeneity of the applied measures still did not allow calculating a metaanalysis of the overall results. Risk of publication bias could not be assessed but appears to be low as the reviewed studies often presented inconsistent or null-findings; also, we included studies from journals that are not peer-reviewed.
Finally, risk of bias in individual studies may exist as described above, but was not assessed quantitatively.
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